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Summary. At the initial stages of sex differentiation (7.5 and 8.5 days of incubation chick embryo gonads were treated directly with testosterone or estradiol-170 in organ cultures. Chemically-defined media containing cholesterol as a steroid precursor were used. The differentiation of gonads in the 10 to 12-day controls, cultured in media containing no hormones, was close to that of gonads of equivalent age in ovo. Testosterone added to the medium exerted an inhibitory effect on the cortex of the female gonad and a masculinizing one on its medulla. The results of estradiol treatment confirmed the known feminizing effect of that hormone on the male gonad, the meiotic prophase in the genetically male germ cells being initiated in the induced cortex. These data may be interpreted in favour of a bihormonal theory of gonadal sex differentiation in birds, where the predominantlysynthesized male or female hormone in the gonad determines the male or female pattern of development of the corresponding gonad.
Introduction.
The significance of steroid sex hormones in the differentiation of secondary sex characteristics is relatively well elucidated in the higher vertebrates (Price et a/., 1975 ; Jost, 1976) . However, there is no unifying concept to explain the part played by these hormones in the differentiation of the gonad itself. Jost is of the opinion that in mammals « there is no definite evidence that the initial differentiation of the gonads is governed by hormones ». On the other hand, Wolff (1965) postulates that this process in the ovary of birds is regulated by estrogens which are produced early in the ovary. This assertion is based on numerous well known experiments by Wolff and collaborators who obtained sex reversal (feminization) of the embryonic male gonad under in vivo or in vitro estrogen action or under the action of ovaries secreting these hormones. Unsuccessful experiments to masculinize a female gonad using similar approaches with androgens led Wolff (1965) to conclude that the differentiation of the avian testis was androgenindependent.
Later, we established that embryonic female chick gonad could be masculinized when cultured in vitro in association with more adult testes of hiqh hormonal activity (Jordanov and Angelova, 1974, 1979) . After that, Stoll et al. (1978, 1980) (Weniger, 1961 ; Grassi-Milano and Pitini, 1977 ; Carlon and Erickson, 1978 ; Jordanov and Angelova, 1979) ; and (2) its differentiation in ovo and in vitro is accompanied by steroid hormone synthesis with a prevalence of estradiol in the ovary and testosterone in the testis (Guichard et al., 1977 ;  Angelova, Jordanov and Kanchev, 1980 (Jordanov, 1971) was used. Briefly, the organs were mounted on a highly permeable celloidin membrane having a plastic ring as a frame. Before they were mounted, a thin layer of warmed 1 % agar solution was spread on the membrane ; the organs (2 ovaries or 3 testes per membrane) were placed in this solution before it completely gellified. The membrane was introduced into a large excavated slide over about 0.5 ml of liquid medium. Every second day, the membranes with explants were transferred to fresh media, pH 7.5-7.6. The ovaries were cultured for 10-12 days and the testes for up to 13 to 15 days. (Jordanov and Angelova, 1982) .
Medium 11/ : Medium I or II with testosterone (Merck) added at three concentrations : 200 ng/ml, 2 000 pg/ml or 400 pg/ml.
Medium lV : Medium I or II with estradiol-170 (Merck) added at three concentrations : 200 ng/ml, 4 000 pg/ml or 2 000 pg/ml.
The lower doses of testosterone (T) and estradiol (E 2 ) were determined according to data of Guichard et al. (1977) and Angelova, Jordanov and Kanchev (1980) . They ensured a ratio of the two hormones for the female and male gonads in the in vitro system close to the ratio of hormones produced by the gonad of the opposite sex in ovo after day 8 of incubation.
Using the above method, the organs flattened (ovaries) or remained more turgid (testes) on the membrane. Supravital observations after a few hours determined whether the sex of the gonad had been correctly identified when taken from the embryo : the ovaries displayed a narrow bright peripheral band (the cortex) which embraced the broad medulla of unequal density having a mosaic aspect ; the testes were transversally striated, having the appearance of a tiger hide. Changes in the gross morphology of the explants were also followed supravitally during culture (PI. I, fig. 5 ; PI. 11, fig. 4 ).
For histological examination, the explants were fixed in Carnoy, embedded in paraffin, sectioned at 7 j um, and the sections were stained with Delafield's hematoxylin. Sections fig. 3 ).
3. Male gonads cultured in medium lV containing estradiol.
In a large percentage of the gonads (70 % or more of 7.5 and 8.5-day old gonads at the three estradiol doses), a bright, homogeneous band appeared along the margin of the organ opposite to the hilum as early as about days 5-6 after explantation (Pi. II, fig. 4 Stenger-Haffen (1957) . However, the data reported by these authors refer to duck testis and to the effect of unknown, probably high, hormone doses. We used low doses close to the physiological level, exerting the same effect on the male gonad. Moreover, when our organ cultures were prolonged to a total in ovo and in vitro age of 22-24 days, it was possible to establish the onset of the meiotic prophase in the genetically male germ cells of the induced cortex. A similar phenomenon has also been observed by us (Jordanov and Angelova, 1979) (Jordanov and Angelova, 1974, 1979) or where testes were implanted early in female embryos (Stoll et al., 1978 (Stoll et al., , 1980 (Angelova, Jordanov and Kanchev, 1983) demonstrated that chick gonads pretreated in culture with testosterone and having acquired signs of masculinization, enhanced their endogenous production of testosterone above that of estradiol, the T/E 2 ratio being raised above 1, as in a testis. A reverse phenomenon was reported by other researchers (Haffen and C6dard, 1968 ; Teng and Teng, 1977) (Weniger, 1961 ; Grassi-Milano and Pitini, 1977) (Jordanov and Angelova, 1979) . Lastly, the failure of experiments so far to reverse a female gonad in vitro with the aid of exogenous androgens could be due, in our opinion, to methodological incongruities (see Introduction).
In conclusion, our results support a bihormonal theory of avian gonadal sex differentiation, the causative factor of which would be the corresponding steroid sex hormone with its genetically determined prevalence in the gonad (estrogen in ovary, androgen in testis). In the process of the binding of the two hormones to their receptors &horbar; which are probably unequally distributed between the two main components of the gonad, the germinal epithelium and primary sex cords &horbar; and possibly also during their competition for these receptors, the quantitatively prevalent hormone imposes itself, determining a female or male pattern of development in the corresponding gonad. An 
